Noncapsulate Haemophilus influenzae is commonly found in the airways of patients with chronic obstructive pulmonary disease (COPD), both during stable disease and during exacerbations. Neutrophils are also found in large numbers in sputum from patients with COPD, which also contains released neutrophil products such as elastase. Why H. influenzae colonizes the lungs of patients with COPD in the presence of such large numbers of infiltrating neutrophils is not known. We set out to determine if abnormal interactions between H. influenzae and neutrophils could impact on COPD pathology. Noncapsulate H. influenzae clinical isolates were incubated in vitro with neutrophils from healthy volunteers, and respiratory burst activity, cytokine and chemokine production, phagocytosis and killing of bacteria, and neutrophil apoptosis and necrosis were measured. Neutrophil morphology was determined in sputum samples. H. influenzae were phagocytosed by neutrophils, thereby activating a respiratory burst and the secretion of the neutrophil chemoattractant IL-8. However, rather than kill the bacteria, the neutrophils themselves were killed (largely via necrosis) and released their granule contents into the extracellular environment. Neutrophil-derived IL-8, generated after the interaction of H. influenzae with neutrophils, may result in the further infiltration of neutrophils into the lungs, thereby amplifying the inflammatory response. However, the infiltrating neutrophils fail to kill the bacteria and instead release tissue-damaging products into the lung as they undergo necrosis. These results may help to explain the clinical picture in COPD.
Chronic obstructive pulmonary disease (COPD) is a highly prevalent disorder contributing significantly to morbidity and healthcare costs. It is now the fourth leading cause of death worldwide (1) (2) (3) . This condition is characterized by progressive worsening of airflow obstruction resulting from the inhalation of toxic particles and gasses, especially tobacco smoke, which is the dominant cause of COPD in the developed world (4, 5) . Healthy smokers have increased numbers of neutrophils in induced sputum specimens compared with nonsmoking control subjects, and the percentage of neutrophils in the sputum increases as the disease progresses (6, 7) . Quantitative measurements of immune cells within all lung compartments show an increase in all cell types as lung function worsens (8) and extraluminal follicles containing CD4 ϩ lymphocytes develop in more advanced disease, a response that is thought to reflect repeated infections (9) . as described in the manufacturer's instructions. Contaminating erythrocytes were removed by hypotonic lysis and neutrophils were resuspended in culture medium. Purity was Ͼ 95% as assessed by Rapid Romanowsky staining, and viability was Ͼ 97% immediately after purification, as assessed by Trypan Blue exclusion (17) . Neutrophils were also isolated from sputum from patients with asthma and from patients with COPD as follows. Sputum was collected by expectoration into a 50-ml sterile container. Specimens were processed within 2 h of collection. Sputum plugs were collected and separated from saliva using forceps. The sputum was transferred to a preweighed Falcon tube and the weight of the sputum was determined. To each gram of sputum, 10 ml PBS was added. The mixture was shaken to disperse the sputum and then incubated at 37ЊC for 30 min with shaking. This was repeated with fresh PBS. The mixture was diluted to 50 ml with PBS and filtered through a 48-m nylon gauze. The cells were collected by centrifugation and washed twice with PBS. The cells were then resuspended in 10 ml PBS. The solution was layered onto Ficoll Paque solution and centrifuged at 1,000 ϫ g for 30 min. The supernatant was removed and pelleted cells (neutrophils) were resuspended in RPMI 1640 containing 25 mM HEPES supplemented with 10% (vol/vol) FCS and 2 mM L-Glutamine.
Neutrophils were cultured in either RPMI 1640 medium containing 25 mM HEPES except for assaying for HOCl (see below) at the cell concentrations indicated in the assays. For cultures greater than 2 h, neutrophils were resuspended in RPMI 1640 medium containing 25 mM HEPES supplemented with 10% (vol/vol) FCS and 2 mM L-Glutamine. All cultures were at 37ЊC with gentle agitation. Where indicated in the text, neutrophils were primed by the addition of GM-CSF (50 U/ml for 45 min) or TNF-␣ (10 ng/ml for 15 min) before stimulation.
Growth and Opsonization of Bacteria
A clinical isolate of noncapsulate H. influenzae (G682) was grown on chocolate agar plates at 37ЊC with 5% (vol/vol) CO 2 or in a candle jar containing a sachet of CampyGen to generate a microaerophilic environment. Staphylococcus aureus (Oxford strain) was grown on LB agar plates at 37ЊC overnight. Bacteria were removed from the plates using a sterile swab and transferred to phosphate-buffered saline (PBS, 10 mM potassium phosphate, 0.9% NaCl, pH 7.4) to determine the OD 540 to calculate the number of bacteria/ml using suitable calibration curves. Ten further clinical isolates of noncapsulated H. influenzae and two isolates of H. influenzae type b (Hib) were also cultured under identical conditions. Live H. influenzae and S. aureus cells were harvested by pelleting the bacteria by centrifugation at 1,600 ϫ g for 10 min, discarding the supernatant. The bacteria were opsonized by resuspending the pellets in human IgG (5 mg/ml), human IgA (1.6 mg/ml), or 30% (vol/vol) heat-inactivated pooled human AB serum. Note that the same batches of IgG, IgA, and AB serum were used throughout this study. After 20 min incubation at 37ЊC, with gentle agitation, the bacteria were washed three times with PBS and finally resuspended in PBS to give a known concentration of bacteria/ml. Unopsonized samples were resuspended, washed in PBS, and incubated at 37ЊC for 20 min.
Reactive Oxidant Production
Reactive oxidant production using luminol-amplified chemiluminescence was performed using an LKB 1251 luminometer in 1-ml suspensions containing 10 6 neutrophils and 10 M luminol at 37ЊC (18, 19) . HOCl secretion was assessed using the following assay buffer (10 mM NaH 2 PO 4 .H 2 O, 140 mM NaCl, 5 mM taurine, 0.5 mM MgCl 2 , 1 mM CaCl 2 , 1 mg/ml glucose, pH 7.4). A quantity of 0.25 ϫ 10 6 neutrophils (in a total volume of 200 l) was transferred to a 96-well plate and incubated with bacteria. Phorbol myristate acetate (PMA; 1 g/ml final concentration) and was used as a positive control, while incubation with assay buffer alone was used to determine the background rate of HOCl secretion. After stimulation, the plate was incubated for 45 min at 37ЊC, with gentle agitation. Neutrophils were pelleted by centrifugation at 1,000 ϫ g for 10 min, and 100 l of supernatant was transferred to another 96-well plate. Trimethylbenzidine (TMB) developing reagent (10 mM TMB in DMF, 400 mM acetic acid and 100 M KI) was added to each well and the plate incubated for 5 min at room temperature for the (blue) color to develop. The absorbance of each well was then measured at 655 nm using a microtiter plate reader. The concentration of HOCl secreted was calculated using a taurine chloramine calibration curve.
Cytokine Production
Neutrophils at 2.5 ϫ 10 6 /ml RPMI 1640 supplemented with 10% FCS and 2 mM L-Glutamine were cultured as described in the text and then centrifuged at 1,000 ϫ g for 10 min. A 200-l aliquot of supernatant from each sample was transferred to a polypropylene 96-well plate and stored at Ϫ40ЊC until analysis. The Luminex 100 LabMAP System was used to measure and quantify multiple cytokines from a single sample as per the manufacturer's instructions.
Bacterial Killing
Neutrophils were resuspended in RPMI 1640 supplemented with 10% FCS and 2 mM L-Glutamine at concentrations of 1 ϫ 10 6 /ml, and then incubated with bacteria at 25:1, 20:1, 10:1, and 5:1 ratios of bacteria to neutrophils, as indicated in the text. Incubation was at 37ЊC, with gentle agitation for 3 h. In addition, cultures of bacteria were incubated under identical conditions in the absence of neutrophils to determine the effects of culture conditions on bacterial growth and viability. After incubation, aliquots of suspensions were first diluted in distilled water (to lyse the neutrophils) before further dilutions in PBS and plating for measurements of viable counts. Viable bacteria that were present both in the medium and within the neutrophils were thus detected by this assay. This procedure had no effect on bacterial viability (20) .
Western Blotting
After culture, cell-free supernatants were heated with SDS-sample buffer and then separated using SDS-PAGE and transferred to Immobilon membranes, as described previously (21) . After further washes in wash buffer, bound antibodies were identified using ECL detection agents and Hyperfilm using several exposures of film to avoid signal saturation.
Confocal Microscopy
Neutrophils were cultured in RPMI 1640 medium supplemented with 10% (vol/vol) FCS and 2 mM L-Glutamine, containing Annexin-V-FITC conjugate (2 l/ml) and PI (1 g/ml) (22) . Cells were observed on a Zeiss LSM 510 microscope. Annexin-V-FITC was excited with 488 nm, and the emission at 530 nm was recorded with a 505-to -550-nm band pass filter. Propidium iodide (PI) excitation was at 543 nm, and emission was recorded at 585 nm with a 585-nm long pass filter. Cells were imaged initially every 6 min, then every hour overnight to observe apoptosis (binding of FITC-annexin V) or necrosis (permeability to PI). Images were analyzed using LSM510 software.
Transmission Electron Microscopy
Neutrophils were cultured at 5 ϫ 10 6 /ml in RPMI 1640 supplemented with 10% FCS and 2 mM L-Glutamine. One-milliliter cultures of control neutrophils, or neutrophils plus H. influenzae (1:100 ratio) or S. aureus (1:100 ratio), were incubated at 37ЊC with gentle agitation for 2 h. Cells were pelleted at 500 ϫ g for 10 min and resuspended in EM fixative (2.5% [vol/vol] cacodylate-buffered glutaraldehyde), for 1 h. Cells were pelleted as before, washed in distilled water, and resuspended in 1 ml 50% (vol/vol) ethanol. Fixed cells were embedded in methacrylate and thin sections cut using a diamond microtome. These sections were stained with Reynold's lead citrate and uranyl acetate, carbon reenforced and examined using a Philips 301 electron microscope. Neutrophil morphology was also determined in sputum samples from patients with asthma and with COPD, including those with and without a recent history of H. influenzae infection.
Statistics
Data are expressed as mean Ϯ SD unless otherwise stated and, where appropriate, the significance of differences between groups were tested using the Student's t test.
RESULTS

Activation of Reactive Oxidant Production during Phagocytosis
When neutrophils were incubated with unopsonized H. influenzae, no increase in luminol-dependent chemiluminescence was detected ( Figure 1A) , even when the ratio of bacteria to neutrophils was increased up to 1,000:1. However, when the bacteria were opsonized with either IgG, serum ( Figure 1A ), or IgA (data not shown), chemiluminescence activity increased, resulting from activation of reactive oxidant production via the combined activities of the NADPH oxidase and myeloperoxidase. As a positive control, the responses of neutrophils to H. influenzae were compared with those of the more commonly studied bacterium, S. aureus ( Figure 1B ). Responses to H. influenzae were generally lower than those to S. aureus at the ratios of bacteria:neutrophil used, but the kinetics of the responses were very similar ( Figure 2 ). The magnitude of the chemiluminescence response was increased as the ratio of opsonized bacteria:neutrophils was increased. Chemiluminescence of opsonized bacteria was enhanced by prior exposure of the neutrophils to the priming agents, GM-CSF or TNF-␣ (Figure 2 ), but cytokine-primed neutrophils still did not generate a respiratory burst in response to unopsonized bacteria (data not shown). Unlike the responses to the phorbol ester, PMA, phagocytosis of the bacteria did not result in the secretion of significant amounts of HOCl irrespective of the opsonization state of the bacteria, or the ratio of bacteria:neutrophils (data not shown). This indicates that the majority of the reactive oxidants generated during phagocytosis and detected by chemiluminescence were intracellular. This is in accord with previous reports showing that luminol chemiluminescence is capable of detecting both intracellular and extracellular reactive oxidant production (18, 19) .
IL-8 Production in Response to H. influenzae
Neutrophils were then incubated with H. influenzae to determine if this interaction resulted in the secretion of IL-8, an important chemokine that has been implicated in the pathology of COPD. Both S. aureus and H. influenzae induced the production of IL-8 by neutrophils ( Figures 3A and 3B ), and expression of this chemokine was detected during incubation with unopsonized bacteria (unlike chemiluminescence), but was not significantly increased further when the bacteria were opsonized with either serum or IgG. When neutrophils were incubated with S. aureus, the levels of IL-8 release detected after 21 h incubation were significantly elevated above levels detected after 3 h incubation ( Figure 3A) . However, levels of IL-8 production in response to H. influenzae at 21 h were only slightly increased above levels 6 cells and 40-50 pg/10 6 cells after 3 h and 21 h incubation, respectively. In C at 3 h there was no significant difference in IL-8 production in response to S. aureus or H. influenzae, while by 21 h, the difference in production was significant (P Ͻ 0.01).
at 3 h ( Figure 3B ). Further analysis showed that after 3 h incubation, levels of IL-8 release triggered by either S. aureus or H. influenzae were very similar, but unlike for S. aureus, this production was not sustained by neutrophils incubated with H. influenzae ( Figure 3C ). Thus, while the initial triggering of IL-8 production by neutrophils was comparable for both bacteria, there was something unusual about the interaction with IL-8 that prevented sustained secretion of this cytokine. IL-8 secretion was enhanced after addition of H. influenzae to neutrophils that had previously been primed with LPS (data not shown). While incubation of neutrophils with S. aureus also resulted in the secretion of TNF-␣ and IL-1␤, these cytokines were not released in significant levels after incubation with H. influenzae (data not shown). However, these low levels of IL-1␤ detected after incubation of neutrophils with S. aureus were not detected in neutrophil preparations that were immunodepleted of T cells or monocytes, whereas TNF-␣ and IL-8 production were unaffected by removal of these contaminating cells, confirming their production by neutrophils (data not shown).
The above experiments clearly indicate that human neutrophils recognize and phagocytose H. influenzae and that during this process cell activation occurs, resulting in the generation of the respiratory burst and IL-8 secretion. However, the fact that IL-8 secretion was not sustained suggested that the neutrophil-H. influenzae interaction was somewhat unusual and different to that with S. aureus.
Bacterial Killing
Next we measured the efficiency of killing of bacteria by neutrophils. IgG-opsonized S. aureus were efficiently killed after incubation with neutrophils ( Figure 4) , with ‫ف‬ 73% of the initial inoculum killed (Ϯ 10%, n ϭ 8) within 3 h incubation at this ratio of bacteria:neutrophil (10:1), in line with previous publications (20, 23) . Similar results were obtained when the bacteria were opsonized with serum (data not shown). In contrast, under these identical experimental conditions, neutrophils failed to kill H. influenzae (Figure 4) , whether the bacteria were opsonized or not. This inability of neutrophils to kill H. influenzae was not affected by the bacteria:neutrophil ratio (at ratios of bacteria:neutrophils of 5:1, 10:1, or 25:1), was independent of the opsonisation state of the bacteria (with IgG, IgA or serum), and was not improved by prior incubation of neutrophils with priming cytokines (data not shown).
Neutrophil Morphology after Phagocytosis
The reason for this failure of neutrophils to kill H. influenzae was investigated and first it was necessary to confirm that the bacteria were taken up into phagolysosomes. Examination of electron micrographs revealed that S. aureus (which were efficiently killed by neutrophils) were taken up into compact phagolysosomes, typically containing 1-3 bacteria per vacuole (at the ratio of bacteria:neutrophils used in this study, Figures 5A and 5B). There was clear evidence of discharge of granule contents into these phagolysomes containing the bacteria (arrows in Figures 5C and 5D showing neutrophil granules entering the phagosome). In contrast, many more H. influenzae were visible with phagosomes of neutrophils (typically 6-8 bacteria per vacuole, Figures 5E-5J ). These vacuoles were also large and essentially devoid of granule enzymes (Figures 5 E, 5I , and 5J). Furthermore, the morphology of the neutrophils after phagocytosis of the H. influenzae was unusual in that (1 ) many of the phagocytic vesicles appeared to be either disintegrating or fusing with one another (dark arrows in Figures 5G and 5J ), (2 ) some bacteria appeared to be present in the neutrophil cytoplasm and were not contained within a phagosome (light arrows in Figures 5E and 5F), and (3 ) some neutrophils were showing signs of cell death as shown by loss of integrity of their plasma membrane ( Figures 5E, 5G, and 5J ).
This unusual neutrophil morphology was confirmed by Romanowsky staining, 1 h and 4 h after incubation with S. aureus and H. influenzae ( Figure 6 ). Even by 1 h incubation with H. influenzae ( Figure 6C ), many neutrophils had unusual morphology (e.g., round nucleus) and appeared to be extremely fragile, apparently having spilled their cytoplasmic contents onto the microscope slide after centrifugation. Such gross morphological changes and cytoplasmic spillage were not seen in control cells ( Figure 6A ) or in neutrophils after incubation with S. aureus ( Figure 6B) .
The above experiments indicated that incubation of neutrophils with H. influenzae (but not S. aureus) resulted in morphologic changes indicative of increased cell death. The cells were extremely fragile after incubation with H. influenzae and so we sought a less invasive method for measurement of neutrophil function after phagocytosis. We thus used a continuous assay to follow, in real time by confocal microscopy, the effects of S. aureus and H. influenzae on neutrophil apoptosis (as assessed by binding of FITC-annexin V to exposed phosphatidylserine residues) and necrosis (assessed by increased plasma membrane permeability of propidium iodide). Neutrophils were incubated in microtiter plates on a gas-and temperature-regulated microscope chamber in the absence and presence of S. aureus and H. influenzae. Images were collected every hour for 16 h.
Cultured neutrophils (in the absence of bacteria) progressively underwent apoptosis and acquired green fluorescence as they bound FITC-annexin V ( Figure 7A) . Thus, by 16 h incubation ‫ف‬ 10% of the population were annexin V-positive ( Figure  7B ) and ‫ف‬ 3% of the cells were PI-positive, indicating that secondary necrosis was occurring ( Figure 7C ). Levels of both apoptosis (phosphatidylserine exposure) and necrosis (PI permeability) were increased in neutrophil cultures incubated with S. aureus compared with control cultures (Figure 7) . By 7 h incubation, ‫ف‬ 10% of the cells were annexin V-positive, and secondary necrosis increased markedly (to 30%) by 16 h incubation. In contrast, levels of neutrophil apoptosis reached almost 40% by 7 h incubation with H. influenzae ( Figures 7A and 7B) , and by this incubation period over 50% of the cells displayed Neutrophil apoptosis and necrosis following phagocytosis. Neutrophils were incubated in the absence (control) or presence of serum-opsonized S. aureus or H. influenzae at a bacteria:neutrophil ratio of 500:1. Cultures were supplemented with FITCannexin V and PI and incubated in a gas-and temperature-controlled microscope chamber, as described in MATERIALS AND METHODS. Green (annexin V binding) and red (PI-permeability) were automatically measured at 1-h intervals over necrotic morphology ( Figure 7C ). PI permeability increased markedly by 3 h incubation with H. influenzae, and by 15 h incubation, over 80% of the cells were PI permeable indicating extensive necrosis.
This acceleration of neutrophil apoptosis and necrosis by H. influenzae was dependent on the bacteria:neutrophil ratio, with PI permeability significantly increased above control values at ratios as low as 10:1 (data not shown). Comparable levels of PI permeability in response to S. aureus were only detected at ratios of 2,000:1 data not shown), indicating that H. influenzae is ‫ف‬ 200-fold more potent at inducing neutrophil necrosis.
Release of Neutrophil Enzymes
To confirm that incubation of neutrophils with H. influenzae results in necrosis and release of granule enzymes, culture supernatants were collected after incubation of control (untreated) neutrophils and after incubation with H. influenzae or S. aureus. Figure 8 shows that after 3 h incubation, both myeloperoxidase (an azurophilic granule enzyme) and lactoferrin (a specific granule enzyme) were both detected extracellularly after incubation with H. influenzae, but not S. aureus.
Morphology of Neutrophils Isolated from Sputum
Neutrophils in the sputum were analyzed by electron microscopy to determine if the gross morphologic changes seen after incubation with H. influenzae in vitro were also detected in vivo. We analyzed sputum from a patient with asthma, and from two patients with COPD, one with a recent history of H. influenzae infection and the other with no previous known history of infection with this bacterium. Neutrophils in the sputum of the patient with asthma showed morphologic signs of activation (e.g., ruffled cytoplasm and several vacuoles) ( Figures 9A and 9B) , and a similar neutrophil morphology was observed in the sputum of a patient with COPD without a previous known history of Figure 8 . Release of neutrophil granule enzymes during incubation with H. influenzae. Neutrophils were incubated in the absence (Ϫ) or presence (ϩ) of serum-opsonized H. influenzae or S.aureus (at ratios of 100:1) for 3 h. After this incubation, cell-free supernatants were analyzed for the presence of myeloperoxidase or lactoferrin by western blotting. Typical result of three separate experiments.
H. influenzae infection (Figures 9C and 9D) . However, in the sample from a patient with COPD with a known recent H. influenzae infection, the morphology of the neutrophils was grossly abnormal, with large vacuoles that appeared to be fusing with each and clear signs of necrosis ( Figures 9E-9H ). We have observed these typical morphologic features in the neutrophils of three separate patients with asthma, six patients with COPD without detectable H. influenzae infection, and four patients with COPD with a recent history of H. influenzae infection. The morphologic features shown in Figures 9E-9H for the patients with COPD with H. influenzae infection were observed in Ͼ 90% of over 900 cells analyzed from the four patients studied.
DISCUSSION
Noncapsulate H. influenzae are commonly found as commensal organisms in the upper respiratory tract of adults and seldom cause pneumonia or septicemia in immunocompetent individuals. However, these organisms are the most frequent isolates in patients with COPD both during exacerbations and in stable disease, whether based on quantitative microbiology of sputum or protected brush sampling (12, 13) . Moreover, colonizing H. influenzae produces significant airway inflammation, which is increased during exacerbations (24) . Several mechanisms have been proposed for this persistence, but our data suggest a different sequence of events that helps explain why H. influenzae is not eliminated despite producing a neutrophilic inflammatory response and moreover, why this inflammatory response should persist in the face of continued infection. The key elements in this process as defined in our experiments are first an interaction of H. influenzae with the resident neutrophil population (in the presence of local secretory IgA), leading to phagocytosis and release of IL-8, which recruits more neutrophils. However, the secretion of IL-8 is not maintained because instead of killing the bacteria, the neutrophils themselves are killed during phagocytosis with H. influenzae. These necrotic neutrophils may release their cytoplasmic contents, including elastase, other proteinases, and reactive oxidants that damage and dysregulate lung epithelial cell function. For example, high concentrations of released elastase may increase mucus gland hyperplasia and mucus secretion and reduce ciliary activity while inducing epithelial cell injury.
Our data are compatible with current theories on lower respiratory tract infections and COPD, specifically the reported increases in IL-6, IL-8, and TNF-␣ production, together with LTB 4 , and do not challenge accepted mechanisms of neutrophil recruitment involving ICAM-1 and E-selectin or the potential role of released neutrophil products in pathology. However, our data offer insight into three important further mechanisms that we believe are likely to be relevant in disease. First, our model explains the persistence of bacteria in the lungs and evasion of host defense: H. influenzae are not killed during phagocytosis by neutrophils but instead kill the neutrophils. Our preliminary data indicate that bacterial survival and replication may actually be enhanced after phagocytosis. Second, our model predicts that the release of neutrophil products arises, not via the tightly regulated process of degranulation, but rather by the uncontrolled release of degradative enzymes via necrosis induced by the bacteria. Third, rather than dying by apoptosis when their function is complete, the neutrophils instead die via necrosis an uncontrolled process that will lead to the release of toxic neutrophil products. Necrotic neutrophils may accumulate in the lung, and it is noteworthy that we found such neutrophils in the sputum of a patient with COPD with a recent history of H. influenzae infection. The interactions between neutrophils and H. influenzae that we have identified are unlikely to be the only ones involved in explaining the persistence of infection in COPD, and in many cases patients can satisfactorily eradicate this organism after it has precipitated an exacerbation. Many of the mechanisms identified previously help explain why the response to bacterial inflammation is amplified, such as excess mucus production and impaired ciliary function (25, 26) . Changes in the antigenic nature of H. influenzae may help it evade the immune response (27) , but this would be expected to lessen the resulting inflammation. Our data showing a direct toxic effect of this organism on neutrophils explains why the inflammation persists in many patients despite an appropriate antibody response (28) . Cigarette smoking increases the number of patients colonized by H. influenzae (29) and provides an important additional source of oxidative stress. Whether this cigarette smoking and oxidative stress interact with the already impaired bacterial killing mechanisms merits further study.
Both the duration and resolution of acute inflammation are regulated by the mechanisms that control neutrophil cell death and survival. These cells have a short life span in the circulationonly 12-18 h-and rapidly die by apoptosis (30, 31) . Inflammatory activation by cytokines, adhesion, and transmigration can all delay neutrophil apoptosis and extend their lifespan to allow them to perform their function in inflammation (32) . Thus, neutrophils recruited into tissues exhibit prolonged survival and generally undergo apoptosis when their function is complete (33) . Neutrophil apoptosis has been reported to be decreased in the circulation of patients with COPD during exacerbations, but this was not explained by increased serum levels of IL-8, TNF-␣, or IL-6, even though sputum levels of these cytokines were increased (34) . Enhanced neutrophil respiratory burst activity has also been reported in circulating neutrophils of patients with COPD (35) . These processes are also regulated by bacteria and their products such as bacterial LPS, which is a potent antiapoptotic agent. However, some bacteria have evolved mechanisms that can perturb these processes (36) . For example, bacteria such as Anaplasma phagocytophilum can evade phagocytic killing and delay neutrophil apoptosis, allowing the bacterium to replicate within the neutrophil and be dispersed throughout the body (37, 38) . Other bacteria such as Pseudomonas aeroginosa can induce apoptosis (39, 40) , whereas others such as Shigella flexneri are reported to induce necrosis (41) . Identifying the mechanisms by which bacteria such as these regulate neutrophil apoptosis and necrosis will shed new insights into the molecular processes that control these events, will help understand disease pathology and could lead to new anti-microbial therapeutic strategies.
Our data help explain why H. influenzae is the most frequent pathogen seen in acute and chronic infection of the airways in COPD and why the sputum of those colonized patients is so frequently green containing increased amounts of inflammatory mediators such as myeloperoxidase and neutrophil elastase. This enhanced proteinase burden is likely to be one of the factors which accelerates the decline of lung function in colonized patients who exacerbate frequently (42) . Current treatment for COPD can reduce the number of these exacerbations by 25-30%, but does not prevent them altogether (43, 44) . This may be because none of the existing treatments modify the mechanism by which these organisms evade neutrophil-mediated killing and instead produce an increased elastase burden due to necrosis. A better understanding of the factors which control this process may lead to novel approaches that could have important clinical benefits.
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